
ELECTRONICALLY COMMUTATED ELECTRICAL MACHINE, IN PARTICULAR 
MOTOR 

Prior Art 

The invention is based on an electronically commutated 
electrical machine, in particular a motor, as generically 
defined by the preamble to claim 1. 

In a known electronically commutated motor, also known 
as a brushless motor, of this type (German Patent Disclosure 
DE 197 25 525 Al ) , the coils of each winding phase of the 
two-phase stator winding are wound with their coils around 
every other tooth, with the direction of winding changing 
upon each successive coil. A total of eight teeth are wound. 
In mult i -phase windings where k > 2, the number n of teeth n 
= k • v, where v is an even-numbered multiple. In a four- 
phase winding, that is, a stator winding with four phases, at 
a multiple v = 2 once again eight teeth are produced. 

The winding diagram of the stator winding in the known 
motor is shown in Fig. 1 in a four-phase version (k = 4) with 
four parallel branches (1=4) and two series-connected coils 
per branch (m = 2) . In the four winding phases 21, 22, 23, 
24, which each include all the coils 20 of one winding phase, 
two strands 21, 22 on the one hand and 23, 24 on the other 
are wound onto the same teeth via the same slots. The 
contact hooks for the strand terminals are identified by the 
symbols Bl, B2 , A2 , Al , and the contact points for the star 
points, of which two star points each, belonging to the 
respective winding phases 21 and 2 2 on the one hand and 23 
and 24 on the other, are combined, are marked SB and SA. All 
the contact hooks are disposed on the inner edge of the 
annular stator, on the same side of the stator. The wire 



segments of the winding wire, leading from the contact hooks 
to the coils and from one coil to the next, in the winding 
are also laid along the lower edge of the stator, on the same 
face end, in the circumferential direction. In Fig. 1, the 
rectangles represent the individual coils 2 0 wound onto the 
teeth. The numerals 1-16 next to the rectangles are the 
ordinal numbers of successive slots in the circumferential 
direction between the teeth, on the one hand, and the 
auxiliary teeth, on the other. The caption "Hooks" 
designates the contact hooks both for the phase terminals Bl, 
Bl, A2 and Al, and for the star points SB and SA, which 
electrically and mechanically connect the respective four 
parallel branches of the winding phases 21-24 with a 
respective two series-connected coils 20. The arrowheads 
shown in the winding wire segments between coils 20 indicate 
the direction in which the winding wire runs. The winding of 
the teeth can be seen from the slot sequence; the tooth 
located between slots 1 and 2 is wrapped multiple times from 
slot 1 to slot 2, which is expressed by the caption 
"slot/slot 1-2" . 

The winding wire course illustrated in the winding 
diagram of Fig. 1 for producing the stator winding is not 
optimal in terms of the fact that the winding wire when 
suspended from the hooks of the associated star point SA or 
SB must often be laid over long distances. on the face end of 
the stator, resulting in a high number of conductors in that 
region . 

Advantages of the Invention 

The electronically commutated or brushless electrical 
machine, in particular motor, of the invention as defined by 
the characteristics of claim 1 has the advantage of a stator 
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winding structure that is both simple and optimized in terms 
of production. By the contacting according to the invention 
of individual branches of each winding phase at the star 
point of another winding phase, the wire segments leading 
from one coil to another can be much better distributed 
around the stator, and the number of encompassing wires can 
be minimized. The wire segments that connect the coils can 
be optimized in terms of their length, so that because the 
resistances are approximately the same, an improvement in the 
symmetry of the phases can be achieved, and thus in the case 
of the motor, a better supply of electrical current is made 
possible . 

By the provisions recited in the other claims, 
advantageous refinements of and improvements to the 
electrical machine, in particular the motor, recited in claim 
1 are possible. 

In a preferred embodiment of the invention, the stator 
winding is embodied as four-phase (k = 4) , with four parallel 
branches per winding phase (1 = 4) ; respective winding phases 
of the stator winding whose coils are wound onto the same 
teeth are contacted at a common star point. Two branches per 
phase are carried to the common star point belonging to that 
phase, and another two branches per phase are carried to the 
other star point and contacted at that other star point. The 
star points are electrically connected to one another at an 
arbitrary point . 

Drawing 

The invention is explained in further detail in the 
ensuing description in terms of an exemplary embodiment shown 
in the drawing . Shown are : 
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Fig. 1, a winding diagram of the known stator winding, 
described at the outset, for an electronically commutated 
motor; 

Fig. 2, the same winding diagram for the stator winding 
of the invention for an electronically commutated motor; 

Fig. 3, a schematic illustration of an end view of an 
electronically commutated motor, with a detail of a stator 
winding of Fig. 2. 

Description of the Exemplary Embodiment 

The electronically commutated motor schematically shown 
in Fig. 3, as an exemplary embodiment for a generally 
brushless electrical machine, has a stator 30, which is 
concentrically surrounded by a rotor 31. The rotor 31 has 
alternating north and south poles N and S on its inside 
circumference, which are formed by permanent magnet segments 
32 that face with concave pole faces toward the stator 30. 
The stator 30 is subdivided by slots 33, which partition off 
T-shaped primary teeth 34 and T-shaped auxiliary teeth 35. 
Depending on the stator concept, the auxiliary teeth 35 can 
also be omitted. The primary teeth 34 and auxiliary teeth 35 
face with convex pole faces toward the rotor 31, and an air 
gap 3 6 is formed between the pole faces of the rotor 31 and 
stator 31. The surfaces toward the air gap of the primary 
teeth 34 extend over approximately the same angular range as 
the permanent magnet segments 32, while the surfaces of the 
narrower auxiliary teeth 35 toward the air gap are only about 
half as large. 

The primary teeth 34 have a stator winding 37, which is 
produced by winding an insulated winding wire 3 8 around the 
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primary teeth 34; the winding wire 38 occupies both slots 33 
adjoining a given primary tooth 34 and is inserted into one 
slot 33 and emerges from the other slot 33 . The ordinal 
numbers of the slots 33 are shown in Fig. 3 as 1-16. The 
stator winding 37 is embodied with k winding phases, which 
each have 1 parallel branches each of m series -connected 
coils placed in the slots 33 and wrapped around the teeth 34 
(k, 1 and m are each integers greater than 1) . The 1 
parallel branches of each of the k winding phases are 
connected to one another via contact hooks 39, which form the 
phase terminal and star point of each winding phase. 

As the winding diagram in Fig. 2 shows, in the 
exemplary embodiment described the stator winding 3 7 is 
embodied in four-phase form; that is, it has four winding 
phases 41-44, and each phase is embodied with four parallel 
branches 45, each comprising two series-connected coils 40. 
The four branches 4 5 of the winding phase 41 are contacted on 
the contact hooks 3 9 that form the phase terminal Bl, and the 
branches 45 of the winding phase 42 are contacted on the 
contact hooks 3 9 that form the phase terminal B2 . Both 
winding phases 41, 42 are assigned the same star point SB, 
which is also located on a contact hook 39. The branches 45 
of the winding phase 43 are contacted on the contact hook 3 9 
that forms the phase terminal A2 , and the four branches 45 of 
the winding phase 44 are contacted on the contact hook 3 9 
that forms the phase terminal Al . For the two winding phases 
43, 44, one star point SA is provided, which is again formed 
by a contact hook 39. 

The winding diagram in the upper part of Fig. 2 as a 
block circuit diagram, with coils 40, phase terminals Bl, B2 , 
A2, Al, star points SB, SA, and a winding wire course. The 
arrowheads shown in the winding wire indicate the direction 
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in which the winding wire runs. The winding wire is wrapped 
z times around each primary tooth 34 (Fig. 3) and in each 
case forms one coil 40. In the lower part of Fig. 2, the 
winding diagram is shown again numerically in its sequence. 
The arrows between the captions "Hooks" and "Slot/Slot" 
indicate the direction of the encompassing winding wire in 
the counting direction of the slots (increasing ordinal 
numbers 1-16 of the slots) ; the arrows pointing to the right 
symbolize the travel direction of the winding wire in the 
counting direction, and the arrows pointing to the left 
symbolize the travel direction of the winding wire counter to 
the counting direction. 

The winding diagram is self-explanatory. Merely for 
the sake of introduction, part of the winding course will be 
explained: 

The winding wire runs counter to the counting direction 
from hook Bl to slot 6, where it wraps several times (z 
times) around the primary tooth between slots 6 and 5, and is 
carried out of the slot 5 in the counting direction toward 
slot 1, where it is wound multiple times onto the primary 
tooth by way of the slot 2. From slot 2, the wire is carried 
in the counting direction to hook B2 , from there in the 
counting direction to slot 6, wraps around the primary tooth 
between slots 6 and 5, and is carried out of slot 5 in the 
counting direction to slot 1, where via the slot 2 it is also 
wound multiple times around the primary tooth. The winding 
wire emerging from slot 2 is carried to hook B2 . 

This part of the winding diagram is schematically shown 
in Fig. 3, in order to illustrate the three-dimensional 
association of the stator winding 37 with the stator 30. As 
seen from Fig. 3, the wire segments between slots 5/1 and 2/6 
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are carried (via SB) along the lower edge of the stator 3 0 on 
the same face end of the stator 3 0 on which the contact hooks 
3 9 are also disposed. As not further shown in Fig. 3, the 
wire segments are received in a plastic, annular winding 
holder, which is inserted into the inner cavity of the stator 
3 0 and is held there, for instance by nonpositive engagement, 
on the inner annular jacket of the stator 30. 

If the winding diagram is pursued further in Fig. 2, 
then beginning at hook B2 the winding wire is carried in the 
counting direction to slot 13, where it is wound multiple 
times around the primary tooth via the slot 14, and from slot 
14 it is carried in the counting direction to slot 10, where 
it is again wound multiple times around the primary tooth via 
the slot 9. From slot 9, the winding wire does not - as was 
previously usual (see Fig. 1) - run to the wire segment SB; 
instead, it is carried counter to the counting direction to 
the other wire segment SA, and from there counter to the 
counting direction to slot 13. From slot 13, the wire is 
wound via the slot 14 multiple times around the primary 
tooth, and from slot 14 it is carried counter to the counting 
direction to slot 10, where it is again wound around the 
primary tooth via the slot 9, and then is carried in the 
counting direction to the hook Bl . The further winding 
course can now easily be understood from the winding diagram. 
The two curved arrows for the travel direction of the winding 
wire mean that the winding wire must be wrapped completely 
around the winding holder once, in order to avoid 
intersections. The winding wire is suspended by a loops from 
the hooks 39. Wherever that is not the case, it is so noted 
at the applicable hook. 

Once the stator 3 0 has been wound completely, a total 
of four coils 40, each belonging to one of the two winding 
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phases 41, 42 and 44, are located on each primary tooth 34. 
Of the winding phases 41 and 42, the two branches 45 which 
with their coils 40 occupy the slots 14/13 and 10/9 (the 
middle ones in Fig. 2) are carried to the star point SA (and 
not, like the others, to the star point SB), and of the 
winding phases 43 and 44, the two branches 45 which with 
their coils 40 occupy the slots 7/8 and 12/11 (the middle 
ones in Fig. 2) are carried to the star point SB (and not, 
like the others, to the star point SA) . These coils 40 are 
then contacted at these respective star points SA and SB. By 
this distribution of star points to branches 45 belonging to 
different winding phases 41-44, the wire course around the 
winding holder can be optimized; approximately equal-length 
wire segments can be achieved, and the number of encompassing 
wires around the winding holder can be minimized. The star 
points SA, SB are connected to one another at an arbitrary 
point . 

The invention is not limited to the four-phase winding 
described in the exemplary embodiment. A three-phase winding 
is equally possible, in which case the contacting of branches 
of one or more of the three winding phases to the star points 
belonging to the other winding phases makes it possible to 
optimize the winding wire course. 
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